Recent advances in multiagent simulations 1−3 have made possible the study of realistic traffic patterns and allow to test theories based on driver behaviour 3−6 . Such simulations also display various empirical features of traffic flows 7 , and are used to design traffic controls that maximise the throughput of vehicles in heavily transited highways. In addition to its intrinsic economic value 8 , vehicular traffic is of interest because it may throw light on some social phenomena where diverse individuals competitively try to maximise their own utilities under certain constraints 9,10 .
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In this paper, we present simulation results that point to the existence of cooperative, coherent states arising from competitive interactions that lead to a new phenomenon in heterogeneous highway traffic. As the density of vehicles increases, their interactions cause a transition into a highly correlated state in which all vehicles practically move with the same speed, analogous to the motion of a solid block. This state is associated with a reduced lane changing rate and a safe, high and stable flow. It disappears as the vehicle density exceeds a critical value. The effect is observed in recent evaluations of Dutch traffic data.
In many social situations, decisions made by individuals lead to externalities, which may be very regular, even without a global coordinator. In traffic, these decisions concern when to accelerate or brake, pass, or enter into a heavily transited multi-lane road 11−14 , while trying to get ahead as fast as possible, but safely, under the constraints imposed by physical limitations and traffic rules. At times this behaviorial rules give rise to very regular traffic patterns as exemplified by the universal characteristics of moving jam fronts 15 or synchronised congested traffic 16, 17 . These phenomena are in contrast with usual social dilemmas, where cooperation in order to achieve a desirable collective behaviour hinges on having small groups or long time horizons 18, 9 .
In what follows we exhibit a new type of collective behaviour that we discovered when studying the dynamics of a diverse set of vehicles, such as cars and lorries, travelling through a two-lane highway with different velocities. As the density of vehicles in the road increases, there is a transition into a highly coherent state characterised by all vehicles having the same average velocity and a very small dispersion around its value. The transition to this behavior becomes apparent when looking at the travel time distributions of cars and lorries, comprising the overall dynamics on a freeway stretch (Fig. 1 ). These were obtained by running computer simulations using a discretised followthe-leader algorithm 19, 20 , which distinguishes two neighbouring lanes i of an unidirectional freeway. Both are subdivided into sites z ∈ {1, 2, . . . , L} of equal length ∆x = 2.5 m. Each site is either empty or occupied, the latter case representing the back of a vehicle of type a (e.g. a car or lorry) with velocity v = u∆x/∆t. Here, u ∈ {0, 1, . . . , u Investigating the density-dependent average velocities of cars and lorries yields further insight into the solid-like state (Fig. 2 ). For small p one finds that, at a certain 'critical' density, the average speed of cars decays significantly towards the speed of the lorries, which is still close to their maximum velocity. At this density, the freeway space is almost used up by the safe vehicle headways, so that sufficiently large gaps for lane-changing can only occur for strongly varying vehicle velocities (like for large p). However, since the speeds of cars and lorries are almost identical in the solid-like state, the lane-changing rate drops by almost one order of magnitude (Fig. 3) . Consequently, without opportunities for overtaking, all vehicles have to move coherently at the speed of the lorries, which closes the feedback-loop that causes the transition.
The solid-like flow does not change by adding vehicles until the whole freeway is saturated by the vehicular space requirements at the speed of the lorries.
Then, the vehicle speeds decay significantly to maintain safe headways. The onset of stop-and-go traffic at this density produces largely varying gaps, so that overtaking is again possible and the coherent state is destroyed. For large p, we do not have a breakdown of the lane-changing rate at the critical density and, hence, no coherent state. Nevertheless, lane-changing cars begin to interfer with the lorries, so that the average velocity of lorries starts to decrease with growing density before the average car velocity comes particularly close to it (Fig. 2c ).
As shown in Figure 4 , our prediction of the transition into a coherent state is supported by empirical data obtained from highway traffic in the Netherlands.
Clearly, the difference between the average velocities of cars and lorries shows the predicted minimum at a density around 25 vehicles per kilometer and lane, where the average car velocity approaches the constant velocity of the lorries (Fig. 4a,b) . The fact that the empirically observed minimum is less distinct than in (Fig. 4c) , which shows a minimum at the same density, while remaining finite. A similar result is obtained for the interation rates of vehicles (Fig. 4d) .
In summary, we have presented a novel effect in highway traffic that consists in the formation of coherent motion out of a disorganised vehicle flow by competitive interactions. The predicted solid-like state is supported by real highway data, and our interpretation of the effect suggests that it is largely in- Up to a density of 24 veh/km, the average velocity of lorries remains unchanged. This is analogous to the dynamics of mixed one-lane traffic 23 : Because of their slower speed, lorries feel smaller local densities as long as the average velocity of pure car traffic (×) stays above the maximum velocity of lorries, so that the road is not completely used by the vehicular space requirements at this speed. Then, it falls significantly with growing density to maintain safe headways. This causes an instability of traffic flow 20, 6 resulting in a formation of stop-and-go traffic. 2. At a density of about 21.5 veh/km, the average velocity of cars almost drops to the average velocity of lorries, leading to a distinct minimum in the difference of both curves (--). As illustrated by the inset in greater density resolution, this novel transition seems to be quite sharp. Between 21.5 and 24 veh/km, the vehicles move like a solid block. Obviously, this is not enforced by the difference between the assumed dependencies of the desired velocities of cars (3) and lorries (2) on the local density ahead of them, defined by the inverse vehicle distance.
The parameter values were chosen as in Fig. 1, but 
